Abstract. Soya spent powder as an inexpensive and renewable source has been used as a filler for linear-low density polyethylene (LLDPE) in this study. Linear-low density polyethylene (LLDPE)/soya spent powder composites were prepared by using Haake internal mixer. The mixing time was 10 minutes at 150 o C with rotor speed 50 rpm. Epoxidised natural rubber (ENR 50) has been used as a compatibilizer in the present study. The thermal properties of the LLDPE/soya spent powder composites with and without ENR were studied with a differential scanning calorimetry (DSC). The crystallinity of the LLDPE/soya spent powder composites decreased with increasing soya spent powder content. However, the addition of ENR 50 as a compatibilizer increased the crystallinity of the LLDPE/soya spent powder composites.
Introduction
Today, most of the polymers produced from petrol chemical and they are not biodegradable. These polymers are highly resistant degradation to sunlight, heat, humidity and microorganism. Lowlinear density polyethylene (LLDPE) is one of the petrochemical based polymers which are widely used in packaging materials. The non-degradable polymer causes a serious environmental problem to the environment. Therefore, there is a great interest in producing biodegradable polymers such as polylactic acid (PLA), polycaprolactone (PCL), poly(butylene succinate adipate) (PBSA) and poly(3-hydrobutyrate) (PHB). These polymers meet the required properties of the market. However, the price of these biopolymers is far expensive compare to petroleum based polymers.
An alternative to produce an environment degradable polymer is the addition of degradable additives into non-degradable polymers. Various starches have been used in polymers to introduce biodegradability such as potato starch [1] , sweet potato starch [2] , rice starch [3] and sago starch [4] . These polysaccharides based starches are available abundantly, cheap in cost and biodegradable. In this study, a protein based natural polymer-soya spent powder has been used in blends with nondegradable polymer. Soya spent powder can be produced from soybean. Soybean products have been processed into vegetable oils and protein rich meals since hundred years ago [5] . Nevertheless, there is not much research using the soya-based product as biodegradable additives in thermoplastic. Some soya-based product researches were focusing on the addition of soya spent flakes into rubber composites [5] [6] [7] [8] [9] [10] [11] [12] . The effect of the processing parameters on the properties of soy protein polymers has also been investigated [13] [14] [15] .
In current study, LLDPE was used in blends with soya spent powder. As well known, LLDPE constitutes from hydrocarbon backbones and thus it is hydrophobic. A compatibilizer is needed to improve the interaction between hydrophobic LLDPE and hydrophilic soya spent powder.
Epoxidised natural rubber with 50 mol% epoxidation (ENR 50) has been used as a compatibilizer in LLDPE/soya spent powder blends. The effect of the addition of ENR 50 on thermal properties of the blends has been investigated.
Materials
Linear low density polyethylene (LLDPE) (ETILINAS LL0209SA) with melt flow index 0.9g/10 min was purchased from Polyethylene Malaysia Sdn. Bhd. The melting point of LLDPE was 122 o C. ENR 50 was supplied by Rubber Research Institute of Malaysia (RRIM).Soya spent powder with average granular size is 12 nm was obtained from Hasrat Bestari (M) Sdn Bhd. The moisture content is 3.12%. The protein content is 44.2%.
Sample Preparation
Soya spent powder was dried in a vacuum oven at 70 o C for 24 hours prior to mixing with LLDPE. The mixing was performed in Haake Reodrive 5000 internal mixer. The mixing temperature of the blends was 150 o C for 10 min at 50 rev/min. The blends were then compression molded in a compression molding machine(Kao Tieh GoTech) at 150 o C using a pressure of 10 MPa for 10 min. Table 1 presented the blends with various ratios of LLDPE/soya spent powder used in this study. 
Differential Scanning Calorimetry Analysis (DSC).
The differential Scanning Calorimetry (DSC) study was carried out by using Perkin-Elmer DSC 7 based on ASTM D3417. A 4mg average sample encapsulated in a hermetically sealed aluminum pan was prepared for each sample. (1) where ∆H f 0 is heat of fusion for 100% crystalline polyethylene (276 J/g) and ∆H f * is heat of fusion for the semicrystalline LLDPE.
Results and Discussion
Differential Scanning Calorimetry (DSC). Figure 1 and Figure 2 illustrate the DSC thermograms of LLDPE, LLDPE/soya spent powder and LLDPE/ENR 50/soya spent powder for second heating and the cooling cycle, respectively. From the thermograms, the changes in T m and T c of the blends were not obvious. The LLDPE/soya spent powder and LLDPE/ENR 50/soya spent powder blends are not compatible though there is only one endothermic peak for the blends. This endothermic peak
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was attributed solely from the LLDPE. It is because soya spent powder has no melting temperature but having gelatinization and degradation temperature. The result is in agreement with Ratanakamnuan and Aht-Ong [16] who investigated in PE/banana starch blends. The changes of T m , T c and crystallinity of neat LLDPE and its blends are summarized in Table 2 . There was a slight decrease in crystallinity with the addition of soya spent powder. The reason is that the incorporation of soya spent powder hindered the molecular motion of LLDPE during cooling. The addition of soya spent powder caused the crystallization of LLDPE become more complex. Furthermore, the presence of soya spent powder might hinder the nucleus migration of LLDPE. According to Liu et al. [17] , the corn starch decreased the crystallization temperature and crystallinity of LDPE. The result is in agreement with the trend of current study. The T m of blends slightly increased with increasing soya spent powder content. Therefore, the soya spent powder not only affected the crystallinity of the blends but also the melting behavior. The incorporation of the ENR 50 had reduced the melting temperature and crystallinity of LLDPE/soya spent powder blends. It can be suggested that the better interfacial adhesion between LLDPE and soya spent powder impede the movement and the molecular arrangement of LLDPE. Consequently, cystallinity reduced due to the better relationship of LLDPE/soya spent powder. The other possible reason is the addition of soft and flexible ENR chain within the crystalline regimes of LLDPE, thus the crystallinity decreased. This is in line with the observation done by Jalali-Arani et al. [18] in silicone rubber/PE blends. 
Conclusions
The addition of soya spent powder had slightly reduced T m and T c of LLDPE/soya spent powder blends based on the results in DSC. The crystallinity of blends decreased with increasing soya spent powder content. The incorporation of ENR 50 further decreased the crystallinity of the blends.
